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Preface

This SDP Toolkit version is directed at EOS instrument data providers who will deliver code to
the ECS Release B.0 DAACs. It is an engineering upgrade to Toolkit 5.2, delivered in April
1997. The user calling interface of the current version is the same as that of Toolkit 5.1.1, except
that several new functions have been added and internal interfaces have been made compatible
with Release B.0O.

This document is an engineering upgrade to the SCF Toolkit 5.2. Users Guide. This document is
under ECS contractor configuration control. Once this document is approved, Contractor
approved changes are handled in accordance with Class | and Class Il change control
requirements described in the EOS Configuration Management Plan, and changes to this
document shall be made by document change notice (DCN) or by compl ete revision.

The purpose of this document is to provide Earth Observing System (EOS) instrument data
processing software developers and scientists, knowledge of Toolkit functionality, provide a
listing of routine calling sequences, detailed descriptions and examples of usage. The Toolkit
will be used by developers at their Science Computing Facilities (SCFs) to develop EOS data
production software and to prepare that software for integration into distributed active archive
centers (DAACSs). Subsequent usage of the Toolkit will be in conjunction with the services
provided by the DAACs to produce, archive and distribute standard products. This document
accompanies a software delivery that contains implementations of the tools described in the
document. We note that this SCF version of the Toolkit contains provisions for error/status
message, process control and file name handling by science software in lieu of an operational
scheduling system. This handling will be via manual manipulation of UNIX files. This version
also contains tools for creation and access of standard product metadata parameters as well as
several added ancillary datafiles (e.g., ageoid model).

The hierarchical data format (HDF) has been selected by the Earth Observing System Data and
Information System (EOSDIS) Project as the format of choice for standard product distribution.
ECS has created the HDF-EOS extensions to HDF, which provide EOS specific HDF structures.
For more information about HDF-EOS, see the HDF-EOS Library Users Guide. HDF is a disk
format and subroutine library for storage of most kinds of scientific data. As a disk format, HDF
files consist of a directory and an unordered set of binary data objects. Each directory entry
describes the location, the type, and the size of these binary objects.

The HDF subroutine library is designed to be easy for C and FORTRAN programmers to use.
The HDF library consists of callable routines, each of which belongs to a particular interface.
Each interface within these layers address a particular HDF function or a particular HDF data
structure, such as arrays, tables, and annotations.

This Users Guide is accompanied by a Toolkit Primer. The Primer is intended to provide a
concise explanation of individual tool usage, functionality and coding examples. The Primer will
not contain details, appendices, requirements trace, and so on; that are contained in this Users
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Guide. The Primer is available on the World Wide Web (WWW). The universal reference
locator (URL) for the EOSDIS Core System (ECS) Data Handling System (EDHS) home page
is:

http://edhsl.gsfc.nasa.gov/
If you have a WWW browser such as Mosaic or Lynx, you can view this document. Under
"ECS Development”
"Toolkits"
click on
"SDP Toolkit Primer".
A list of Frequently Asked Questions (FAQ) for Toolkitsis also available.

The URL for the SDP Toolkit Frequently Asked Questions (FAQ) pageis
http://newsroom.hitc.com/sdptoolkit/fag.html

You can also get there from the EDHS Home Page http://edhsl.gsfc.nasa.gov. Click on the
"Toolkit Frequently Asked Questions (FAQ)" link from the SDP Toolkit Page.

The technical point of contact within the EOS Data and Information System (EOSDIS) core
System (ECS) project is:

Larry Klein, SAC Toolkit Manager: larry@eos.hitc.com
An e-mail drop for user questions and comments is: pgstlkit@eos.hitc.com
Any guestions should be addressed to:

Data Management Office

The ECS Project Office

Hughes Information Technology Systems
1616 McCormick Drive

Upper Marlboro, Maryland 20774-5372
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Abstract

The SDPF Toolkit Users Guide for the ECS Project is a part of the Science Data Production
(SDP) Toolkit delivery made under the Earth Observing System Data and Information System
(EOSDIS) Core System (ECS), Contract (NAS560000). It was first delivered in January 1994.
The current Users Guide is updated for the Release 2.0 SDP Toolkit delivery made in October
1997. The SDP Toolkit Users Guide describes Toolkit routine usage for science software
developers, who will produce code to process instrument data. This document describes the
overall design of the Toolkit, provides a general explanation of usage, and installation
procedures on computer platforms for which software development and certification have been
done. Detailed listings of routines, calling sequences, inputs and outputs and examples of usage
are also provided.

Keywords: toolkit, metadata, HDF, HDF-EQOS, data, format, production, error, handling, process,
control, geolocation, input, output, memory, management
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1. Introduction

1.1 Identification

The SCF Toolkit Users Guide for the ECS Project is a part of the Science Data Production (SDP)
Toolkit delivery made under the Earth Observing System Data and Information System
(EOSDIS) Core System (ECS), Contract (NAS5-60000). It was first delivered in January 1994.
The current Users Guide is updated for the Release 2.0 Toolkit delivery made in October 1997.
The SCF Toolkit Users Guide for the ECS Project will be updated for each major release of the
SDP Toolkit.

1.2 Scope

This Science Computing Facility (SCF) Toolkit version is directed at EOS instrument data
providers who will deliver code to the ECS Release B.0 DAACs. It is an engineering upgrade to
Toolkit 5.2, delivered in April 1997. The user calling interface of the current version is the same
as that of Toolkit 5.2, except that several new functions have been added and internal interfaces
have been made compatible with Release B.0.

The SCF Toolkit Users Guide describes Toolkit routine usage for science software developers,
who will produce code to process instrument data. The current version of the Users Guide is for
the Release B.0 Toolkit delivered code, however, the Toolkit will be updated as requirements are
updated, certified and requirements for later platform instruments are determined. This document
describes the overall design of the Toolkit, provides a general explanation of usage, and
installation procedures on computer platforms for which software development and certification
have been done. Detailed listings of routines, calling sequences, inputs and outputs and examples
of usage are also provided.

1.3 Purpose and Objectives

This document is aimed at the EOS data production software developers and scientists who will
use the SDP Toolkit to encapsulate their code in the distributed active archive center (DAAC)
computing facilities. The purpose of the Toolkit is to provide an interface between instrument
processing software and the production system environment. It sets up the context and
environment to facilitate portability of code for the execution of production processes and the
transfer of data sets and information to those processes. This interface will be implemented in the
SCF development environment, along with additional utilities that will be used to emulate
production environment services.

An important goal of the Toolkit is to facilitate the smooth transition and integration of code into
the DAAC by abstracting out science process dependencies on external system architecture.
Another goal isthe provision of an interface into which application modules can be incorporated.
This may include, for example, math packages; other specialized routines that can be
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commercial—off-the-shelf software (COTYS); freeware; or user supplied modules. An effort will
be made during development to incorporate and reuse existing application software modules.

This Users Guide will lay out the high level design of the Toolkit and provide sufficient
description of routines to show how EOS science software should incorporate the Toolkit
interface.

In the description of the Toolkit routines, descriptive information is presented in the following
format:

TOOL TITLE

NAME: Procedure or routine name

SYNOPSIS:

C. C language call

FORTRAN: FORTRAN77 or FORTRAN9O0 language call

DESCRIPTION: Cursory description of routine usage

INPUTS: List and description of data files and parameters input to the routine
OUTPUTS: List and description of data files and parameters output from the routine
RETURNS: List of returned parameters indicating success, failure, etc.
EXAMPLES: Example usage of routine

NOTES: Detailed information about usage and assumptions
REQUIREMENTS: Requirements from PGS Toolkit Specification, Oct. 93 which the routine

satisfies
1.4 Status and Schedule

This Users Guide accompanies a set of toolkit routines, delivered in October 1997. Table 1-2
below gives acomplete listing; brief description; and delivery dates of Toolkit software available
to users. We note also several important related schedule items:

» April 1995—IDL was selected as the Toolkit graphics package of choice.

o July 1995—Release Toolkit A delivery, including prototype HDF-EOS swath structure
software

o July 1995— Delivery (to the EOS community) of a draft HDF-EOS standard and users
guide.

o January 1996—ECS Interim Release 1 (Ir1)

* May 1996— Release A SCF Toolkit delivery.

* July 1996 HDF-EOS version 1.0 delivery

* November 1996 updated HDF-EOS and SCF Toolkit delivery

* April 1997 Release B.0 SCF Toolkit and HDF-EOS 2.0 delivery
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* October 1997 Release 2.0 SDP Toolkit and HDF-EOS 2.1 delivery

Table 1-1 provides a key to the tool names and the section where the specific tools can be
located.

Table 1-1. Toolkit Routine Key

Key Class Section
AA Ancillary Data Access 6.3.2
CBP Celestial Body Position 6.3.3
CsC Coordinate System Conversion 6.3.4
cucC Constant and Unit Conversions 6.3.7
DEM Digital Elevation Model access 6.3.1
EPH Ephemeris Data Access 6.2.6
GCT Geo Coordinate Transformation 6.3.5
10 Input Output (File 1/0O) 6.2.1
MEM Memory Management 6.2.4
MET Meta Data Access 6.2.1
PC Process Control 6.2.3
SMF Status Message File (Error/Status) 6.2.2
TD Time Date Conversion 6.2.7

In Table 1-2 alist of Toolkit routinesis given, with delivery data and page number referencesin
this Users Guide.

Table 1-2 lists Toolkit routines alphabetically by class as defined in the key below. The class
keyword follows the Product Generation System (PGS) keyword (i.e., PGS_AA).

Table 1-2. Toolkit Routine Listing (1 of 8)

Tool Name Description Date Page

pccheck Use to verify that a process control file (PCF) is syntactically correct | 10-94 6-181
7-95

PGS_AA_2Dgeo Allows access to 2 dimensional data sets, e.g., sea—ice 10--94 6-335
2-95
7-95
4-96

PGS_AA _2DRead Allows access to 2 dimensional data sets, e.g., sea—ice 10--94 6-345
2-95
4-96

PGS_AA_3Dgeo Allows access to 3 dimensional data sets,e.g., atmospheric humidity | 10--94 6-340
2-95
4-96

PGS_AA_3DRead Allows access to 3 dimensional data sets,e.g., atmospheric model 10--94 6-350
2-95
4-96

PGS_AA_dcw Returns the surface types (land, sea, coast), and nation—state to be 10--94 6-319
determined (TBD) for a user defined set of locations 4-96

PGS_AA_dem Locates heights from specified digital elevation model (DEM) 2-95 6-322
corresponding to each of the locations specified 7-95
4-96

PGS_AA_PeVA_integer Searches in a specified file for the parameter and returns the value of | 10-94 6-333
that parameter which is an integer 2-95
7-95
4-96
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Table 1-2. Toolkit Routine Listing (2 of 8)

Tool Name Description Date Page

PGS_AA _PeVA real Searches in a specified file for the parameter and returns the value of | 10-94 6-330
that parameter which is a real(float) 2-95
7-95
4-96

PGS_AA_PeVA_string Searches in a specified file for the parameter and returns the value of | 10-94 6-327
that parameter which is a text string 2-95
7-95
4-96

PGS_CBP_body_inFOV Given instrument parameters, returns a flag to indicate whether any 2-95 6-370
of the user—selected major celestial bodies (sun, moon, etc.) are in 7-95

the instrument field—of—view.

PGS_CBP_BrightStar_positions Returns the position of all stars of magnitude > input magnitude, or TBD 6-378
the position of the stars designated by inputting star id's and setting
the flag 'input_flag'.

PGS_CBP_Earth_CB_Vector Computes the Earth centered inertial (ECI) frame vector from the 4-94, 6-358
Earth to the sun, moon, or planets at a given time, or range of time(s) | 10-94
7-95
PGS_CBP_Sat_CB_Vector Computes the ECI vector from the spacecratft to the sun, moon, or 4-94, 6-362
planets at a given time or range of time(s) 10-94
7-95
PGS_CBP_SolarTimeCoords Computes local solar time, and right ascension and declination of the | 4-94, 6-366
sun, for a given standard time and position on the surface of the 10-94
Earth 7-95
PGS_CSC_DayNight Determines whether a given point on the Earth is in day, night or 10-94 6-473
twilight, at a given time 7-95
PGS_CSC_Earthpt_FixedFOV For a fixed field of view obtains the Coordinated Universal Time 4-96 6-432

(UTC) time interval and the starting time that an Earth point is within
the field—of—view, within a specified time window

PGS_CSC_Earthpt_FOV For a field of view defined by a table of coordinates (accessed 2-95 6-438
externally), and a known motion of the boresight vector as a function | 7-95
of time, obtains the Coordinated Universal Time (UTC) time interval
and the starting time that an Earth point is within the field—of-view,
within a specified time window

PGS_CSC_ECItoECR Frame change tool 10-94 6-388
- 7195
PGS CSC ECItoORB Transforms a vector in the ECI Coordinate system to a vector inthe | 7-95 6-418
- - Orbital Coordinate System
PGS CSC ECItoSC Frame change tool 10-94 6—402
PGS CSC ECRtoECI Frame change tool 10-94 6—392
- 7-95
PGS CSC ECRtoGEO Frame change tool 10-94 6—396
- 7-95
PGS CSC GEOtoECR Frame change tool 10-94 6—399
- 7-95
PGS_CSC_GetFOV_Pixel Computes the projection of (geolocates) the instrument field—of-view | 4-94, 6-451
on the Earth, optionally, geolocates the center of each pixel in the 10-94
footprint 2-95
7-95
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Table 1-2. Toolkit Routine Listing (3 of 8)

Tool Name Description Date Page
PGS_CSC_GrazingRay For rays that miss Earth limb, this function finds the nearest miss 4-97 6-491
point on the ray and corresponding surface point. For rays that strike
the Earth, it outputs instead the coordinates of the midpoint of the
chord of the ray within the ellipsoid and surface coordinates of the
intersection nearest the observer.
PGS_CSC_GreenwichHour Returns the Greenwich Hour Angle of the vernal equinox, which is 10-94 6—-480
equal to Greenwich sidereal time, in the ECI frame, at a given time.
PGS_CSC_J2000toTOD Transform from ECI J2000 to ECI True of Date 4-96 6-467
PGS CSC nutate2000 Transforms a vector under nutation from Celestial Coordinates of 7-95 6-463
- - date in Barycentric Dynamical Time (TDB) to J2000 coordinates or 4-96
from J2000 coordinates to Celestial Coordinates of date
PGS CSC ORBtoECI Transforms vector in orbital coordinate system to vector in ECI 7-95 6-422
N - coordinate system
PGS CSC ORBtoSC Frame Change tool 10-94 6414
! _ 7-95
PGS_CSC_precs2000 Precesses a vector from Celestial Coordinates of date in Barycentric | 7-95 6-459
- - Dynamical Time (TDB) to J2000 coordinates or from J2000
coordinates to Celestial Coordinates of date in Barycentric Dynamical
Time (TDB)
PGS CSC SCtoECI Frame Change tool 10-94 6—-406
PGS CSC SCtoORB Frame Change tool 10-94 6-410
_ _ 7-95
PGS_CSC_SpaceRefract Estimate the refraction for a ray incident from space or a line of sight | 7-95 6-446
from space to the Earth's surface, based on the unrefracted zenith 4-96
angle
PGS_CSC_SubSatPoint Returns the position and velocity vector of the sub—satellite point 4-94, 6-426
("pierce point"), or nadir of the satellite on the Earth's surface. 10-94
Optionally returns the nadir vector also.
PGS_CSC_TODt0J2000 Transform from ECI True of Date to ECI J2000 Coordinates 4-96 6-470
PGS_CSC_wahr2 Calculates nutation angles 7-95 6-478
PGS_CSC_ZenithAzimuth Returns zenith and azimuth angles of spacecraft 10-94 6-484
2-95
PGS_CUC_Cons Accesses constant values from a predetermined input file 2-95 6-511
PGS_CUC_Conv Accesses conversion slope and intercept values, needed to convert 2-95 6-513
between units
PGS_DEM_Close Close a DEM dataset 4-97 6-279
PGS_DEM_DataPresent Check for Valid DEM Data Point 4-97 6-282
PGS_DEM_GetMetadata Extract Metadata from the DEM 4-97 6-306
PGS_DEM_GetPoint Return Data at Specified DEM Point 4-97 6-292
PGS_DEM_GetQualityData ACCESS DEM Quality Data 4-97 6-311
PGS_DEM_GetRegion Return Data from a Specified Region of the DEM 4-97 6-299
PGS_DEM_GetSize Return Size of Specified DEM Region 4-97 6-314
PGS_DEM_Open Open a DEM dataset 4-97 6-276
PGS_DEM_SortModels Check for Data in a Specified Region of the DEM 4-97 6-286
PGS_EPH_EphemaAttit Provides access to spacecraft ephemeris and attitude data for a 4-94, 6—-205
given time range, interpolates the state vectors and spacecraft 10-94
attitude to a specified time 2-95
7-95
4-96
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Table 1-2. Toolkit Routine Listing (4 of 8)

Tool Name Description Date Page
PGS_EPH_GetEphMet returns the metadata associated with toolkit spacecraft ephemeris 11-96 6-211
files
PGS_GCT_lInit Performs Geo-coordinate transformation initialization for the given 2-95 6-501
projection with the given parameters 7-95
PGS_GCT_Proj Performs Geo—coordinate transformations for the given projection in | 2-95 6-504
the forward and inverse directions 7-95
PGS_IO_Gen_Close Close non—HDF file 4-94, 6-47
10-94
PGS_IO_Gen_CloseF Close non—HDF file FORTRAN 10-94 6-49
7-95
PGS_IO_Gen_Open Open non—-HDF file 4-94, 6-40
10-94
7-95
PGS_IO_Gen_OpenF Open non—-HDF file FORTRAN 77 & 90 10-94 6-43
2-95
7-95
PGS_IO_Gen_Temp_Delete Permanently delete a temporary file 4-94, 6-89
10-94
2-95
7-95
PGS_IO_Gen_Temp_Open Open temporary file 4-94, 6-81
10-94
2-95
PGS_IO_Gen_Temp_OpenF Open temporary file FORTRAN 77 & 90 10-94 6-85
2-95
PGS_IO_LO_Close Closes a virtual data set that was opened with a call to 2-95 6-28
PGS_IO_LO_Open. 4-96
PGS_IO_LO_File_Sim Creates a file of simulated Level 0 data 2-95 6-30
4-96
PGS_IO_LO_GetHeader Gets the header and footer data for the currently open physical file 2-95 6-17
4-96
PGS_IO_LO_GetPacket Gets a single packet from the specified Level 0 Virtual Data Set 2-95 6-23
4-96
PGS_IO_LO_Open Open a Virtual Level 0 Data Set 2-95 6—7
4-96
PGS_IO_LO_SetStart Sets the specified open virtual data set so that the next call to 2-95 6-12
PGS_IO_LO_GetPacket will read the first packet at or after the 4-96
specified time
PGS_10_LO_SetStartCntPkts Sets the specified open virtual data set so that the next call to 4-97 6-14
PGS_IO_LO_GetPacket will read the first packet at or after the
specified time and tracks the number of packets skipped in the
current file.
PGS_MEM_Calloc Allocates an array of arbitrarily sized elements, initializing them to 10-94 6-518
zero, in memory 7-95
PGS_MEM_Free Deallocates memory that was previously allocated 10-94 6-523
7-95
PGS_MEM_FreeAll Deallocates all memory that was previously allocated within a 10-94 6-524
process 7-95
PGS_MEM_Malloc Allocates an arbitrary number of bytes in memory 10-94 6-516
7-95
PGS_MEM_Realloc Reallocates the number of bytes requested 10-94 6-520
7-95
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Table 1-2. Toolkit Routine Listing (5 of 8)

Tool Name Description Date Page
PGS_MEM_ShmAttach Used by an executable to attach to an existing shared memory 10-94 6-191
segment
PGS_MEM_ShmCreate Used to create a shared memory segment 10-94 6-189
PGS_MEM_ShmDetach Used to detach a shared memory segment from a process that 10-94 6-193
attached it
PGS_MEM_ShmRead FORTRAN Read from Shared Memory 4-96 6-195
PGS_MEM_ShmWrite FORTRAN Write to Shared Memory 4-96 6-197
PGS_MEM_Zero Initializes a memory block or structure to zero 10-94 6-522
7-95
PGS_MET_GetConfigData Enables the user to get the values of Config data parameters held in | 7-95 6-71
the PC table 4-96
PGS_MET_GetPCAttr Retrieves parameter values from the PC table which are either 7-95 6-66
located as HDF attributes on product files or in separate ASCII files 4-96
PGS_MET_GetSetAttr Enables the user to get the values of metadata parameters which are | 7-95 6-63
already set by the initialization procedure 4-96
PGS_MET_Init Initializes a metadata configuration file (MCF) 7-95 6-53
4-96
PGS_MET_Remove Contains PGS_MET_Remove() which frees the memory held by the | 7-95 6-78
metadata configuration file (MCF) and data dictionary object 4-96
description language (ODL) representations
PGS_MET_SetAttr Enables the user to set the value of metadata parameters 7-95 6-57
4-96
PGS_MET_Write Enables the user to write different groups of metadata to separate 7-95 6-74
HDF attributes 4-96
PGS_PC_GenUniquelD Used to generate a unique product identifier. May be attached to file | 10-94 6-167
metadata to facilitate tracking of production output 4-96
PGS_PC_GetConfigData May be used to access run-time parameters inthe PGE 10-94 6-169
4-96
PGS_PC_GetConfigDataCom May be used to access run—-time parameters at the shell level 2-95 6-146
4-96
PGS_PC_GetFileAttr Used to retrieve the attribute string that contains the metadata for a 10-94 6-175
Product file 4-96
PGS_PC_GetFileAttrCom Used at the shell level to retrieve an attribute "stream"” that contains 2-95 6-148
the metadata for a Product file 4-96
PGS_PC_GetFileByAttr Used to retrieve the specific instance of a product file that satisfies 10-94 6-178
the search criteria, defined by a user—supplied method, applied to the | 4-96
metadata of each product file instance
PGS_PC_GetFileSize Get the size of a file in the PCF. 4-97 6-186
PGS_PC_GetFileSizeCom Get the size of a file in the PCF at the shell level. 4-97 6-155
PGS_PC_GetNumberOfFiles May be used to query the number of file instances that are 10-94 6-172
associated with a particular product file 4-96
PGS_PC_GetNumberOfFilesCom May be used, at the shell level, to query the number of file instances | 2-95 6-147
that are associated with a particular product file 4-96
PGS_PC_GetReference Used to obtain a physical file pathname from a logical identifier fora | 10-94 6-160
particular Product file 4-96
PGS_PC_GetReferenceCom Used at the shell level to obtain a physical file pathname from a 2-95 6-143
logical identifier for a particular Product file 4-96
PGS_PC_GetReferenceType Tool may be used to ascertain the type of file reference which is 7-95 6-163
associated with a logical identifier within the science software 4-96
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Table 1-2. Toolkit Routine Listing (6 of 8)

Tool Name Description Date Page
PGS_PC_GetTempReferenceCom | Used at the shell level to obtain a physical file pathname from a 2-95 6-151
logical identifier for a particular Temporary, or Intermediate file 7-95
4-96
PGS_PC_GetUniversalRef Used to obtain a universal reference from a logical identifier 4-96 6-183
PGS_PC_InitCom Used, prior to PGE execution, to establish a working environment for | 2-95 6-142
the SDP Toolkit 7-95
4-96
PGS_PC_Shell.sh Provides an integrated environment for the SDP Toolkit and a PGE 2-95 6-140
7-95
4-96
PGS_PC_TempDeleteCom Used at the shell level to delete the Temporary file currently 2-95 6-154
associated with a particular logical identifier 4-96
PGS_PC_TermCom Used, following PGE termination, to cleanup the resources used by 2-95 6-157
the SDP Toolkit 4-96
PGS_SMF_Begin Signal SMF that function has started 4-96 6-131
PGS_SMF_CreateMsgTag May be used to generate a unique message identifier 10-94 6-110
4-96
PGS_SMF_End Signal SMF that function has ended 4-96 6-132
PGS_SMF_GenerateStatusReport | Used to add user—defined status reports to the Status Report Log file | 10-94 6-114
4-96
PGS_SMF_GetActionByCode Provide the means to retrieve an action string associated with a 10-94 6-108
specific mnemonic code 4-96
PGS_SMF_GetInstrName Used to retrieve the instrument name from a given error/status code | 4-94, 6-112
10-94
4-96
PGS_SMF_GetMsg Provide the means to retrieve a previously set message from the 4-94, 6-107
static buffer PGS_SMF_Set.... 10-94
4-96
PGS_SMF_GetMsgByCode Provide the means to retrieve the message string corresponding to a | 10-94 6-106
specific mnemonic code 4-96
PGS_SMF_GetToolkitVersion This function returns a string describing the current version of the 4-97 6-97
Toolkit.
PGS_SMF_SendRuntimeData Provide a means for the user to transmit a package of runtime data 10-94 6-116
to the SCF in the event of an unhandled system exception 2-95
4-96
PGS_SMF_SetArithmeticTrap Used to specify a signal handling function to perform in the event that | TBD 6-133
an error arithmetic operation has occurred.
PGS_SMF_SetDynamicMsg Provide the means to set a user—defined error/status message in 10-94 6-103
response to the outcome of some segment of processing. 4-96
PGS_SMF_SetStaticMsg Provide the means to set a predefined error/status message in 4-94, 6-101
response to the outcome of some segment of processing. 10-94
4-96
PGS_SMF_SetUNIXMsg Provides the means to retain UNIX error messages for later retrieval | 4-94, 6-98
10-94
4-96
PGS_SMF_TestErrorLevel Will return a Boolean value indicating whether or not the returned 10-94 6-120
code has status level 'E' 4-96
PGS_SMF_TestFatalLevel Will return a Boolean value indicating whether or not the returned 10-94 6-122
code has status level 'F' 4-96
PGS_SMF_TestMessagelLevel Will return a Boolean value indicating whether or not the returned 10-94 6-123
code has status level 'M' 4-96
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Table 1-2. Toolkit Routine Listing (7 of 8)

Tool Name Description Date Page
PGS_SMF_TestNoticeLevel Will return a Boolean value indicating whether or not the returned 10-94 6-127
code has status level 'N' 4-96
PGS_SMF_TestStatusLevel Will return a defined status level constant 4-94, 6-128
10-94
4-96
PGS_SMF_TestSuccessLevel Will return a Boolean value indicating whether or not the returned 10-94 6-126
code has status level 'S’ 4-96
PGS_SMF_TestUserInfoLevel Will return a Boolean value indicating whether or not the returned 10-94 6-125
code has status level 'U' 4-96
PGS_SMF_TestWarningLevel Will return a Boolean value indicating whether or not the returned 10-94 6-124
code has status level 'W' 4-96
PGS_TD_ASCIitime_AtoB Converts binary time values to ASCII Code B time values of the form | 10-94 6-241
year_month_day_time_of_day in the Consultative Committee on
space Data Systems (CCSDS) format
PGS_TD_ASCIitime_BtoA Converts binary time values to ASCII Code A time values of the form | 10-94 6-243
year_month_day_time_of_day in the CCSDS format
PGS_TD_GPStoUTC Converts to Coordinated Universal Time (UTC) time value from 10-94 6-247
Global Positioning System (GPS) time by converting to internal time, | 7-95
adding the GPS_minus_UTC_leapseconds from the leapseconds
file, and converting to GPS format following CCSDS ASCII standard
A
PGS_TD_LeapSec Find Leap second value 4-96 6-266
PGS_TD_SCtime_to_UTC Converts spacecraft clock time to UTC for EOS platforms or for 4-94, 6-238
foreign spacecraft 10-94
PGS_TD_TAItoGAST Converts International Atomic Time (TAl) (toolkit internal time) to 7-95 6-233
Greenwich apparent sidereal time (GAST) expressed as the hour
angle of the true vernal equinox of date at the Greenwich meridian (in
radians)
PGS_TD_TAljdtoTAI Converts TAI Julian date to time in TAl seconds since 12 AM UTC 1- | 4-96 6-231
1-1993.
PGS_TD_TAIltoTAljd Converts time in TAl seconds since 12 AM UTC 1-1-1993 toTAl 4-96 6-229
Julian date.
PGS_TD_TAIltoUTC Converts TAI time value to UTC time 4-94, 6-227
10-94
PGS_TD_Timelnterval Computes the elapsed TAI time in seconds between any two epochs | 10-94 6-255
after January 1, 1958
PGS_TD_UTCtoGPS Converts UTC time value to GPS time by converting to internal time, | 10-94 6-245
adding the GPS_minus_UTC_leapseconds from the leapseconds 7-95
file, and converting to GPS format following CCSDS ASCII standard
A
PGS_TD_UTCtoTAl Converts UTC time to TAI time by first converting UTC to internal 4-94, 6—224
time and then adding the TAI_minus_UTC_leapseconds from the 10-94
leapseconds file
PGS_TD_UTCtoTDBjed UTC to Barycentric Dynamical Time (TDB) time conversion 10-94 6-252
PGS_TD_UTCtoTDTjed UTC to Terrestrial Dynamical Time (TDT) time conversion 10-94 6-249
PGS_TD_UTCtoUT1 Converts UTC to UT1 time 10-94 6-261
PGS_TD_UTCtoUT1jd Converts UTC time in CCSDS ASCII Time Code to UT1 time as a 7-95 6-264
Julian date
PGS_TD_UTCjdtoUTC Converts UTC as a Julian date to UTC in CCSDS ASCII Time Code | 4-96 6-259
A format.
PGS_TD_UTCtoUTCjd Converts UTC in CCSDS ASCII Time Code A formatto UTC as a 4-96 6-257
Julian date.
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Table 1-2. Toolkit Routine Listing (8 of 8)

Tool Name

Description

Date Page

PGS_TD_UTC_to_SCtime

Converts UTC to Spacecraft clock time for EOS standard of Foreign
Spacecraft

10-94 6-235

smfcompile

Provides means to store messages in files that are accessed at
runtime to get the message text.

4-94, 6-136
10-94
2-95

Note for Table 1-2: If more than one date is in the delivery column this indicates a re-delivery

of that tool.

Table 1-3.

Tool Changes for Release 2.0 Toolkit Delivery

Tool Name

Type of Change

INSTALL-Toolkit

updated to reflect corrections from bugs

INSTALL-Toolkit

updated to verify HDF has been installed prior to HDF-EOS

PGS_GCT_Init modified to process new projection type Integerized Sinusoidal Grid
PGS GCT support for Integerized Sinusoidal Projection added
PGS _DEM modified to include bilinear interpolation capability

PGS _DEM_GetQualityData

new tool

PGS_MET

modified to recognize class values that are numeric

PGS_MET

new metadata descriptor and MCF file created for

two arc resolutions

PGS_DEM

land/sea mask added to DEM tools

PGS_PC_Shell.sh

now checks for twos-compliments of various error

codes

Toolkit-B.0 PCF template

reserved for Toolkit use (10000 - 10999).

Logical ID number 11001 placed in this file which is outside the range

Toolkit updated to read EDOS LO files
Toolkit new header file added
updated to conform with USNO data leap seconds-they do not
Toolkit recommend or support predicted leap seconds
Toolkit updated for more current compilers
Toolkit freeware packages updated to current versions
Toolkit all user support bugs fixed

1.5 Document Organization

The document is organized as follows:

Section 1 Introduction—Presents the scope and purpose of this document.

Section 2 Related Documentation—Provides a bibliography of reference documents for
the science data production (SDP) Toolkits organized by parent and applicable
documents.
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Section 3

Section 4

Section 5

Section 6

Appendix A
Appendix B
Appendix C
Appendix D
Appendix E
Appendix F
Appendix G
Appendix H
Appendix |

Appendix J
Appendix K
Appendix L
Appendix M

Toolkit Design Overview—~Provides the philosophy and high level description
of the Toolkit

Toolkit Usage and Functionality—Describes the functionality to be provided
in the SCF and follow—on SDP versions of the Toolkit.

Toolkit Installation—Contains installation procedures for the machines for
which Version 1 of the Toolkit has been certified.

SDP Toolkit Specification—Contains calling sequences, description and
usage examples for Toolkit routines.

Assumptions

Status Message File (SMF) Creation and Usage Guidelines
Defining Process Control Files

Ancillary Data Access Tools

Example of Usage of Level 0 Access Tools

Level O File Formats

PGS_GCT Information Relating To Interface Specification

PGS _CUC_Cons—Example Standard Constants File

PGS _CUC_Conv—Input File Provided With the UdUnits Software
Population of Granule Level Metadata using the SDP metadata tools
POSIX Systems Calls Usage

Ephemeris And Attitude File Formats

Problem Identification List

Acronyms and Abbreviations
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2. Related Documentation

2.1 Parent Documents

The parent documents are the documents from which this SDP Toolkit Users Guide’s scope and
content are derived.

423-41-01 Goddard Space Flight Center, EOSDIS Core System (ECS) Statement
of Work, through CN-14, 4/25/95
423-41-02 Goddard Space Flight Center, Functional and Performance

Requirements Specification for the Earth Observing System Data and
Information System (EOSDIS) Core System (ECS), through CH-06,
4/25/95

none Goddard Space Flight Center, The PGS Toolkit Study Report, Version
1.9, 5/93
2.2 Applicable Documents

The following documents are referenced within this SDP Toolkit Users Guide, or are directly
applicable, or contain policies or other directive matters that are binding upon the content of this
volume.

170-TP-005-003 HDF-EOS Library User’s Guide for the ECS Project, Volume 1.
Overview and Examples

170-TP-006-002 HDF-EOS Library User’s Guide for the ECS Project, Volume 2:
Function Reference Guide

194-WP-924-001 Level 0 Data I ssues for the ECS Project, White Paper

301-CD-002-003 System Implementation Plan for the ECS Project

445-TP-002-002 Theoretical Basis of the SDP Toolkit Geolocation Package for the ECS
Project, Technical Paper

GSFC 50-003-04 Goddard Space Flight Center, EOSDIS Version 0 Data Product
Implementation Guidelines (V1.0), 3/1/94

CCSDS 301.0-B-2 Consultative Committee for Space Data Systems (CCSDYS)

Recommendation for Space Data System Standards: Time Code
Formats, 4/90

|EEE Std 1003.1 Institute of Electrical and Electronics Engineers;, POSIX Part 1.
System Application Program Interface (API)[ CLanguage]
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|EEE Std 1003.9

none

none

none

none

Institute of Electrical and Electronics Engineers; POSIX FORTRAN77
Language Interfaces, Part 1: Binding for System Application Program
Interface [API]

Computer Science Corporation; Upper Atmosphere Research Satellite
(UARS) Lessons Learned for EOS: Report 1—Design and
Implementation (ending December 21, 1993); 5/92

University of Illinois/National Center for Supercomputing
Applications; NCSA HDF Caling Interfaces and Utilities, Version
3.2, 3/93

University of Illinois; Getting Started With HDF, 1993
Thisis also available via anonymous file transfer protocol (ftp) from
ftp.ncsa.uiuc.edu (141.142.20.50)

Wertz, J.R., Spacecraft Attitude Determination and Control, Reidel
Publishing Co., 1984.

2.3 Information Documents

The following Internet link to a document/information, although not directly applicable,
amplifies or clarifies the information presented in this document. This reference is not binding on

this document.

Please note that Internet links cannot be guaranteed for accuracy or currency

194-815-S14-001

SDP Toolkit Primer (current version available through WWW access:
http://edhsl.gsfc.nasa.gov)
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3. Toolkit Design Goals

The PGS Toolkit Requirements Specification served to create a specification for a compendium
of tools that meet both ECS system requirements and the needs of the EOS science instrument
data producers. The SDP Toolkit User's Guide represents the culmination of efforts to design
tools that satisfy those criteria. In order to create that design, several broad features were devised
to give the Toolkit a sense of continuity such that it may be considered a single tool with far—
reaching capabilities.

3.1 Foundations

In order to ensure a high degree of portability and maintainability across a wide variety of
computer platforms, the SDP Toolkit has been designed to conform to the POSIX.1 standard.
With a few exceptions, this goal is met in the current implementation. Cases where vendors
operating system or compiler implementation prevent strict adherence to the Portable Operating
System Interface for Computer Environments (POSIX) standard will be minimized and worked
as the standard matures. Additionally, some components of the Toolkit have been designed to
incorporate proven COTS and other heritage software to provide functionality that is largely
accepted by the user community and can be easily integrated into the Toolkit.

3.2 Nomenclature

The naming of the tools has been standardized to include two prefixes: one to denote its
membership in the family of SDP tools and the other to indicate the general area of functionality
covered by the tool. For example, a Toolkit routine that performs a time conversion will be
prefixed with 'PGS_TD_'. The remaining portion of each name will be detailed enough to
indicate the explicit functionality performed by the tool (e.g., "PGS TD_UTCtoTAI").

3.3 Consistency

This feature was achieved by the creation of a method for setting and retrieving status values and
status messages through the use of pre—defined error and status return codes and associated
Toolkit routines. Some of these return codes are defined by the SDP system, but most of them
will be defined by the users themselves to give them maximum control over their processing. All
the SDP Toolkit routines have been designed to adhere to this status return mechanism; likewise,
all the user developed software should incorporate this mechanism as well. The widespread use
of thisfeature will serve to create software that is consistent in its approach to error handling and
status reporting, is more readable, adheres to principles of modularity, and is easier to maintain.
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3.4 Hierarchical Design

Finally, the SDP Toolkit was designed to provide different levels of service, depending on the
requirements of the developer. Primarily, the Toolkit was designed to provide for all the
necessary system-level interfaces. However, much of the Toolkit functionality incorporates
value—added features to provide a higher level of service for the developers creating higher—
order algorithms. In order to accomplish this, many of the Toolkit routines are designed to use
the services of lower—{evel Toolkit routines. Some of the tools, such as the memory management
routines are only required to have one or two levels of service; whereas others, like the ancillary
data 1/0 routines, may have several different levels of service. It is important to note that
whatever level of serviceisrequired, the Toolkit routine that provides that service will have been
designed to use the services of a lower level Toolkit routine. This means that the applications
programmer can use any of the Toolkit routines to develop their own level of service if thereis
not an explicit Toolkit routine that providesit.

3.5 Units

Generally, in the CBP, CSC, TD, and EPH sections of the Toolkit all physical quantities are in
Standard International (Sl) units, and all angles are in radians. The only exceptions to the use of
Sl units are a few cases where a "time" such as a Greenwich "time" that is really a measure of
Earth rotation may be given in radians, or (for Julian Date) days, instead of seconds - please
consult the individual tool entries on this issue. In some of the AA and GCT tools specialized
units appropriate to the relevant data set may be used; please consult the individual entries.

The HDF subsetting functions use S| seconds.

Users who wish to work in units other than those in the Tools are urged to use great caution. For
example, the tools that transform between the spacecraft reference frame and Earth-centered
reference frames take into account the displacement of the spacecraft (in meters) from Earth
center, when the user supplies other than a unit vector. (For unit vector input. only the direction
is transformed). To use these transformations on vectors denominated, for example, in
kilometers would result in nonsense.

3.6 Ranges and Limits of Validity; unit vectors

The following material appliesto the CBP, CSC, TD, and EPH tools; the AA and GCT tools may
follow different rules which are explained in the appropriate sections.

On output, all angles that represent a longitude or azimuth will be in the range (-1t, 11), but on
input the Toolkit is more forgiving: no limit is imposed, although most library trigonometric
functions tend to lose accuracy when the argument is very large. By keeping the input range
open this way we hope to simplify the task of the user who may, for example, want to transform
from geodetic coordinates to rectangular coordinates a patch of the Earth's surface that bridges
the longitude discontinuity at or near the international date line. There is no harm in entering
values larger than 1t or less than -1t as derived, say, from offsets. Latitude is in the range (-11/2,
11/2). Nadir and Zenith angles are in the range (0, ). Altitude can be arbitrary, but some tools
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return warnings or balk, with an error return, if a questionable altitude is d